Chronic low back pain (LBP) can be 'progressive onset' or injury-related. This study compares the patient-reported cause of chronic LBP to features of disc internal derangement at painful concordant discs evaluated by provocation lumbar discography.
Introduction
Low back pain (LBP) is a common condition with an annual prevalence ranging from 15-45% and a lifetime prevalence of 60-80% [1] [2] [3] . Structures associated with LBP include the facet joint, sacroiliac joint, inter-vertebral disc and muscles in spasm. Most acute-onset LBP recovers within 12 weeks but approximately 5% of patients develop chronic symptoms 4 . Risk factors and clinical differences associated with chronic low back pain include: increasing age, post-discogram CT of these 114 patients with concordant pain involving at least one level were retrospectively reviewed and are the focus of this study. Institutional review board approval was obtained for this retrospective analysis.
The clinical cause of LBP as relayed by the patient was noted along with the discogram pain response at the studied levels. Patients were ultimately categorized into subgroups including 1) chronic LBP related to a specific event/injury, 2) insidious, 'progressive-onset' of chronic LBP without a clear inciting event or 3) patients who related their chronic LBP to other more non-specific cause (i.e. prior spine surgery). Longstanding athletes with chronic LBP related to their participation in athletic endeavors were categorized in the injury subgroup as these patients typically described multiple painful events related to their sport activities. One patient was studied who experienced sudden severe onset of LBP without insidious progression or an inciting event.
The discogram and post-discogram CT were evaluated for the presence of features of internal derangement (radial defect [full-thickness radial annular fissure, annular gap] versus annular degenerative change) as described by Videman and classified by a modification of the standard Dallas classification system [9] [10] [11] .
Lumbar discography technique
Discography was performed in a standard fashion after informed consent in all 150 patients. The patient's LBP history was clarified using the 0-10 Visual Analog Scale (VAS) including the most-severe LBP level and the patients immediate pre-procedural pain level. Limited intravenous conscious sedation (fentanyl, 0.05 mg; midazolam [Versed]), 1 mg) was given prior to the procedure with a dose of fentanyl typically administered at the end of the examination. Additional fentanyl was administered during the procedure only on rare occasions when disc provocation resulted in severe patient pain that was not responsive to intradiscal anesthetic. Level-of-consciousness was never affected. Supplemental conscious sedation during the discography was generally avoided. The lower lumbar region was cleansed, draped, and with C-arm fluoroscopy, local anesthetic was applied to the trajectory of the targeted discs (OEC Series 9800; GE Healthcare, Milwaukee, WI, USA). The discs were accessed with double-needle technique (20-gauge guid-gender, genetic predisposition, litigation, work characteristics, along with socioeconomic, psychological and lifestyle-related factors.
The intervertebral disc is a recognized anatomic structure associated with LBP but confirming discogenic origin of LBP is difficult. Discography, while controversial, remains the only physical examination tool that can actively challenge the disc (provocation) and relate the patient sensation, including concordant LBP if reproduced, with the morphologic features of the disc noted at imaging 5 . Discography results can also have important clinical and treatment implications 6 .
While patients with chronic LBP commonly relate the onset of their symptoms to a specific injury, Smedley et al recognizes a distinct subset of new-onset LBP patients that clearly describe gradual onset of symptoms without a specific inciting event 7 . Most studies evaluating discography focus on the longstanding chronic duration of LBP when describing their patient cohort inclusion criteria. In one study comparing discography with myelography, Grubb et al. 8 notes that approximately one third of their patients had insidious onset of pain without distinct incident, similar to the observations of Smedley 7 .
The purpose of this study is to compare the patient-reported 'precipitating events' or 'causes' of chronic LBP to the imaging features of disc internal derangement identified on postdiscogram computed tomography (CT) at concordant painful disc levels in patients referred for provocation lumbar discography.
Materials and Methods
Over a 24-month period, provocation lumbar discography was performed in 150 patients who were referred for symptoms of chronic LBP without or with concomitant leg pain. Patients were referred by spine focused Orthopedic Surgeons or Neurosurgeons in evaluation for potential lumbar spine surgery. Non-concordant pain only was encountered at disc provocation in 14 patients, eight patients had prior spine fusion and 14 patients had a negative provocation discography study and these patients were therefore ultimately excluded.
Of the 150 patients, 114 had concordant pain provoked at one or more levels during provocation lumber discography. The clinical information, provocation discogram observations and cluded the following: 1) radial annular defects (full-thickness radial annular fissures, annular gaps) and 2) degenerative disc features only.
Radial annular defects (RDs), including fullthickness radial annular fissures (RAFs; Dallas grade 3 radial annular clefts with opposable edges, 1-8 mm in size) and radial Annular Gaps (AGs; grade 3 radial annular clefts beyond simple expansion of a grade 3 radial tear related to an avulsed or macerated annular fragment), were commonly seen. All of the RDs (AGs and RAFs) were in the substance of the annulus and typically retained a portion of the peripheral annular margin with various thicknesses.
Annular degeneration was graded according to traditional Dallas criteria (grade 1, <10%; grade 2, <50%; grade 3, >50%). Features of advanced degenerative annular change Dallas Grade 3 were typically noted on post-discogram CT including: peripheral circumferential annular fissures; lamellar concentric annular fissures; bucket-handle fissures; attached annular fragments; and free annular fragments/macerated annular debris.
Statistical analysis
Statistical analysis was performed by Chi squared comparison between clinical subtype (progressive-onset, injury) and gender, clinical subtype and disc internal derangement features, gender and disc internal derangement features. SAS software (Version 9.2) was used for all analyses (SAS/STAT User's guide, 2008, SAS Institute, Cary, NC, USA). All statistical tests were two-tailed and statistical significance was set at p < .05.
Results
Of the 150 patients, 114 had concordant pain provoked at one or more levels during provocation lumber discography. Non-concordant pain only was encountered in 14 patients at disc provocation, eight patients had prior spine fusion and 14 patients had a negative provocation discography study and these 36 patients were therefore not further analyzed.
Sixty nine of the 114 patients (60.5%) were male and 45 female (39.5%) with an average age 42 years (range, 15-71 years). A single concordant level was identified in 55 patients (47%) and 59 patients (53%) had two or more concordant levels (two levels-47 patients; three ing spinal needle then a curved long 25-gauge spinal needle) directed into the center of the disc space. All needles were placed concordantly opposite the side of leg pain before individual disc injection. Anticipated normal/control disc level was typically studied first.
Disc spaces were studied under direct fluoroscopy by a moderate-to-rapid hand injection of 1.5-to 4.5-mL iohexol, 240 mg Iodine/mL. Injection volume was dependent on 1) disc-volume end point, 2) clearly established severe pain response, or 3) exaggerated capacity in degenerative discs. Patients were kept unaware of whether a level was being provoked or which level was being studied. Response to injection was observed by the operator, and with a positive pain response, the features of the pain were clarified, VAS level of pain was established, and these items were recorded in a manner similar to the technique of Walsh et al. 12 . Concordant pain was recorded if the provoked pain was the patient's typical or familiar pain, and non-concordant pain was recorded if the provoked pain was not the typical pain. Fluoroscopic spotfilms were obtained for each disc level in anterior-posterior and lateral projections during and following the injections.
During disc testing, the patient's immediate response to injection, response to injection end point (if present), and perception of provoked pain (concordant or discordant) were the primary focus of the discographer. Syringe-disc pressures were not recorded during injection.
If a significantly painful disc space (typically VAS ≥ 6-7, concordant or non-concordant) was encountered, preservative-free lidocaine (2% strength, 1-to 1.5-mL lidocaine (Xylocaine-MPF) was injected into the disc in an attempt to reduce the patient's provoked pain and to allow response clarity in subsequently studied lumbar levels.
Post-discogram CT and categorization by supplemented Dallas Discogram Scale
Postdiscogram CT (GE Healthcare, Milwaukee, WI) was obtained in all patients immediately following the discogram (bone/soft-tissue algorithms; direct axial 3-mm-section acquisition or spiral technique, 3-mm axial and sagittal reformatting, isotropic voxels).
Assessment of the post-discogram CT features generally followed the characteristics referred to in the modified Dallas discogram scale. Fundamental observations and subdivisions in-gression after pregnancy-three) with 75 patients (66%) relating a prior injury as the primary cause (lifting injury-28; motor vehicle accident-18; fall-nine; longstanding athlete-five; other injury-15).
levels-15 patients; four levels-six patients; five levels-one patient).
Insidious, 'progressive-onset' of chronic LBP without an inciting event was reported in 32 of 114 patients (28%; general progression-29; pro- cordant pain, one patient equated their pain to work only and one patient described sudden severe LBP without an inciting event. These Four of 114 patients equated their chronic LBP to prior spinal surgery (discectomy), one patient had transient non-reproducible con- Concordant LBP was encountered at L4-L5 (A) and L5-S1 (B) with VAS pain levels of 7/10. A) Lateral discogram image demonstrates disc internal derangement at L4-L5 (short arrow) and L5-S1 (long arrow). B) Post-discogram CT at L4-L5 demonstrates severe annular degeneration/fragmentation (arrows). C) Post-discogram CT at L5-S1 demonstrates severe annular degeneration/fragmentation (arrows).
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and injury-related (23 of 44 [52%]) low back pain. Injury was therefore more commonly identified as the cause of chronic LBP in men as compared with women (Table 1) and this difference was statistically significant (p=0.002).
Features of internal derangement
One hundred seventy two (172) painful concordant disc levels in the 107 patients demonstrated features of disc internal derangement and the imaging results are summarized in Ta-seven patients were not analyzed statistically due to non-specific, less clear categorization of their clinical presentation. Final analysis was therefore performed on 107 patients.
The results comparing inciting event related to LBP, gender and imaging features of internal derangement in the 107 patients is summarized in Tables 1-6. In men, 52 of 63 (83%) equated their chronic LBP to a specific injury with 'progressive-onset' identified in 11 of 63 (17%). In contrast, women noted a near equivalent incidence of 'progressive-onset' (21 of 44 [48%]) Figure 3 Patient is a 33-year-old gymnast with long-standing LBP since her athletic activities. Concordant LBP was encountered at L3-L4 (VAS 10/10), L4-L5 (VAS 8/10) and L5-S1 (VAS 10/10). Post-discogram CT demonstrated radial tears/fissures at all three levels. A) AP discogram image demonstrates disc internal derangement at L3-L4, L4-L5 and L5-S1. B) Post-discogram CT at L3-L4 demonstrates a left-sided Dallas Grade 3 radial tear (arrow) projecting into a peripheral annular tear (arrowhead). C) Post-discogram CT at L4-L5 demonstrates a Dallas Grade 3 left-sided radial tear (arrow) projecting into a focal peripheral annular tear (arrowhead). D) Post-discogram CT at L5-S1 demonstrates bilateral Dallas Grade 3 lateral radial tear (white arrow) with fragmentation of the residual intervening posterior annulus (black arrows) with peripheral annular tears and residual peripheral annular margin (white arrowheads). Figure 6 Patient is a 53-year-old man with severe LBP since a fall 3 years ago. Concordant LBP was encountered at L4-L5 and L5-S1. A,B) AP and lateral discogram images demonstrate severe disc internal derangement at L4-L5 (long arrows) and L5-S1 (short arrows). C) Post-discogram CT at L4-L5 demonstrates severe Dallas Grade 3 annular degeneration (arrows). D) Post-discogram CT at L5-S1 demonstrates severe Dallas Grade 3 annular degeneration (arrows). Figure 7 Patient is a 49-year-old man with severe LBP since a lifting injury 5 years ago. Concordant pain was encountered at L4-L5 with mild concordant pain provoked at L5-S1. A,B) AP and lateral discogram images demonstrate internal derangement at L4-L5 (long arrows) and L5-S1 (short arrows). C) Post-discogram CT at L4-L5 demonstrates a lateral tear (white arrow) projecting into a focal protruding peripheral annular tear (black arrowheads). D) Post-discogram CT at L5-S1 demonstrates severe Dallas Grade 3 annular degeneration and fragmentation (arrows).
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in the features of disc internal derangement while women demonstrated more frequently observed discs with radial defects (21 of 31 [68%]) but this was not statistically significant (p=0.15).
Discussion
Age-related biochemical changes, morphologic changes and degeneration are known to occur in the intervertebral disc and these alterations increase in frequency with advancing age. The inter-vertebral disc progressively loses proteoglycan (aggrecan) content resulting in reduced disc water binding capacity, reduced disc hydration and subsequently disc desiccation 13 . In addition, radial and concentric annular fissures develop with age and reduce the ability of the disc to maintain structural integrity and stability [14] [15] [16] . The consequences of agerelated biochemical and degenerative change can be observed in patients.
Clinical, autopsy and imaging studies demonstrate evidence of disc degeneration in children both without and with LBP and its prevalence increases with age into adulthood. In large cohort studies, LBP was found to be low in young children (seven-year-olds: 1%), increase in adolescents (12-year-old: 7%; 14-16-year-old: 18%) reaching 50% in 18-20-year-old young adults [17] [18] [19] . Degenerative disc changes were identified by MR imaging in 30% of 13-year-old children 20 . MR imaging evidence of disc degeneration was present in 26% of control 15-year olds but 38% with LBP 21 and disc degeneration was also lower in asymptomatic 14-year-olds (19%) as compared to 14-year-olds with LBP (42%), increasing in frequency in both groups on follow-up imaging (26% and 58% respectively) 22 . Disc degeneration appears more common in elite athletes as compared with control population 23 and symptomatic disc herniation requiring operative treatment is more common in teenagers as compared with younger children in particular in those teenagers with a history of sport-related activity or trauma.
Autopsy studies have confirmed an age-related increase in disc internal derangement. In cadaveric studies by Videman et al, disc internal derangement features parallel our observations at discography with degenerative-changeonly discs and discs with radial annular defects identified 11 . Imaging evidence of disc degeneration also increases with age on radiographs ble 2. Two additional concordant levels had prior discectomy with 11 additional levels appearing normal at discography and post-discogram CT. The results of these 13 levels were not analyzed further.
Overall, the features of internal derangement were similar in the 'progressive-onset' and 'injury-related' subgroups with the 'progressive-onset' group demonstrating severe Grade 3 degeneration-only slightly more commonly (28 of 52 [53.8%]) than discs with a Grade 3 radial annular defect (24 of 52 [46.2%]) and the 'injury-related' group demonstrating Grade 3 radial defects slightly more frequently (66 of 120 [53.6%]) than severe degenerationonly discs. These trends were not statistically significant (p=0.37). Diminutive radial fissures in isolation (grades 1-2) were rarely observed.
More detailed analysis by gender is summarized in Tables 3-6 . Women with 'progressiveonset' LBP demonstrated severe degenerationonly in 24 of 37 (65%) painful concordant discs (Table 3 ; Figures 1A,B and 2) with Grade 3 radial defect identified in only 13 (35%). Women with injury-related pain demonstrated Grade 3 radial defects in 21 of 31 (68%) concordant discs (Table 3 ; Figures 1C,D and 3) with severe degeneration-only in only 10 of 31 (32%). These differences were statistically significant (p=0.01).
By contrast, in men with 'progressive-onset' LBP, 11 of 15 discs (73%) demonstrated radial defects (Table 4 ; Figure 4 ) with 4 of 15 discs (27%) demonstrating severe degeneration-only. Men with injury-related LBP demonstrated near-equal frequency of degenerative-change only and radial defect discs (Table 4 ; Figures  5-7) . While the trend of the presence of radial defects in the men with 'progressive-onset' LBP was apparent, the overall difference when compared with the injury-related group was not statistically significant (p=0.17), potentially related to small sample size in the progressive group.
The features of disc internal derangement in men and women with progressive-onset LBP are presented in Table 5 . Women with 'progressive-onset' pain demonstrated more severe degeneration-only discs (24 of 37 [65%]) than discs with radial defect while men with 'progressive-onset' LBP demonstrated more radial defects (11 of 15 [74%]) and this was statistically significant (p=0.03).
The features of disc internal derangement in men and women with injury-related onset LBP are presented in Table 6 . Men with injury-related LBP demonstrated no significant difference women with 'progressive-onset' LBP demonstrated more degenerative concordant discs while women with injury demonstrated more common radial defect concordant discs. Men did not demonstrate this effect, with a similar frequency of severe degeneration-only discs and radial-defect discs in 'progressive-onset' and injury subgroups. This last observation parallels a recent report where non-injured and injured male twins demonstrated a similar incidence of disc degeneration 34 .
Several factors could account for these differences. Patients with progressive-onset chronic LBP may represent a subset that have developed advanced forms of age-related disc changes or degeneration during the course of 'routine life activity' in the absence of a specific injury or incident. These patients with gradual-onset discogenic LBP may represent a unique subgroup with more rapidly advancing disc degeneration due to genetic predisposition or potential secondary effects (i.e. smoking) similar to what is observed in the general population. In addition, while psychological factors might still be present in this cohort, other known secondary issues (litigation, workman's compensation) are not present as confounding factors. The absence of these confounding issues could be important including how this affects the patient cohort's response to LBP treatment.
Gender-related tissue differences might be present leading to simple disc fissuring or fragmentation in women. Tissue strengthening, including disc strengthening, occurs in the setting of moderate disc pressurization and activity simulation 35 . Long-standing physical activity such as involvement in sports could lead to several effects. In the absence of distinct injury, long-standing physical activity could cause overall disc strengthening with less common natural fragmentation. Alternatively, sport-related activity could also lead to increased spine and disc stresses resulting in a greater frequency of radial or concentric defects 35 . The reason for these differences between men and women is as yet not clear.
Previous studies in patients with lumbar spine pain have also demonstrated gender differences. LBP is more common in women [36] [37] [38] and this difference remains an important independent risk factor even after multivariate analysis 36 . Freburger et al. in a study of North Carolina households reported a prevalence of chronic LBP in 12.2% of females and 8.0% of males 38 . Through epidemiologic surveys of patients in (osteophytes, disc narrowing) 28 . Degenerative disc changes are common on MR imaging studies in young adults being identified in 54% of men and 42% of women 20-22 years of age 29 .
Numerous studies have documented evidence of disc degenerative change in asymptomatic as well as symptomatic middle-aged population including common observation of disc bulging, focal disc protrusion, annular fissures and disc extrusion [30] [31] [32] . Disc degeneration as defined by MR imaging has been found to be equal in frequency when comparing patients with discogenic LBP confirmed by discography with a matched asymptomatic cohort 33 .
LBP commonly occurs in the setting of injury or trauma, but a subset of patients is recognized that appears to develop LBP gradually or insidiously without a specific inciting event. Smedley et al evaluated 1366 hospital-based nurses over a two-year period with new-onset LBP was reported in 514 (38%) of subjects 7 . Gradual-onset LBP was common, noted in 302 (59%) subjects, and was distinct from suddenonset LBP (work-related (14%) or spontaneous (28%)) 7 . Grubb et al. in their study of chronic LBP patients comparing discography with myelography and routine roentgenograms, notes that insidious onset of LBP was reported in 33% of their patients with the remainder related to accident or work-related incident 8 .
Our data parallels the observations of Grubb et al. 8 with gradual-onset LBP specifically reported in 28% of our chronic LBP patients. Absence of an injury history in these patients suggests that progressive age-related changes or degeneration is responsible for their chronic discography positive LBP. This distinct group may represent a unique and important subset of patients with LBP.
In our study population, women report nearequal frequency of 'progressive-onset' and 'injury-related' LBP. Men report 'injury-related' LBP more commonly than 'progressive-onset' LBP. In spite of this observation, no significant difference was identified between the stated cause of LBP (progressive-onset; injury) and the features of internal derangement in concordant discs in the overall study population.
When further analyzed by gender, several interesting differences were apparent. Women with 'progressive-onset' LBP demonstrated more degenerative-change-only concordant discs (65%). In contrast, men with 'progressiveonset' LBP demonstrated more concordant discs with radial defects (74%). Separately, compensation status of the patients that have experienced injury are not available. In addition, other risk factor data that could be revealing were not systematically recorded including patient smoking habits. These associated clinical issues could be important and shed further light on factors of co-morbidity.
Conclusion
'Progressive-onset' chronic LBP appears to be a definable subset of patients presenting for lumbar provocation discography. In our patients, 'progressive-onset' chronic LBP was more commonly reported in women with 'injury-associated' chronic LBP more commonly reported in men.
In the overall population, there was no significant difference in the features of disc internal derangement in concordant painful discs. Severe degeneration-only discs were found as often as discs with Grade 3 radial defects in the progressive-onset and injury-related subgroups. Gender differences however were present.
Women with 'progressive-onset' of symptoms more often demonstrate degenerative disc changes while those with prior injury more often demonstrate radial defects. In men, no definite difference in the features of disc internal derangement between the 'progressive-onset' and injury subgroups was seen.
Germany, Chenot et al. showed that women are more commonly and more severely affected by LBP 37 . Based on a ten-year cohort study in the Netherlands by van Oostrom et al., new episodes of chronic LBP were relatively frequent and more common in women 39 . On radiographs, De Schepper demonstrates greater osteophyte formation in men but more disc height loss in women 28 . Disc degeneration was more common in men in both the autopsy study of Miller et al. 27 and MR imaging study of young adults (ages 20-22y) by Tahatalo et al. 29 .
Our data suggests that additional clinical and pathologic differences may be present between men and women with chronic discogenic LBP. The reason for this gender difference is not clear. Physical activity or genetic factors could play a role in tissue and disc strength leading to different injury thresholds between men and women. Differences were noted in autopsy studies with less disc abnormality identified in discs of patients who had moderate activity in life and more LBP in patients who were more sedentary 40 . Alternatively, pre-existent age-related changes or degeneration might be present leading to an altered injury threshold.
Limitations
Several limitations are present in our study. By its retrospective structure, more detailed information of specific litigation or workman's
